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Abstract 
 
The 100%-quality control of large high-pressure forming parts is a time-consuming task. Defects can be detected by scanning the 
whole surface using an eddy current system. A complete scan is a slow process and not always feasible for complex geometries. 
Optical systems are suitable for the detection of defects like thinning and cracks but also produce pseudo defects due to noise 
created by pollution and extraneous light. In this paper, we show a method to eliminate pseudo defects using a supplementary, 
highly-reliable sensor system. 
A method for the automated, fast inline-inspection of high pressure forming parts using a combination of camera and an eddy 
current system is proposed. Both the camera and the eddy current probe are integrated into a sensor head of a 3-axis portal. The 
complete surface is observed by a camera. Potentially defective areas are identified after several image processing steps and the 
positions and sizes of the suspicious areas are stored. In a second step the 3-axis-portal performs an eddy current scan of the 
stored areas and verifies the found defects. 
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1. Introduction 
 
The 100%-quality control of large high- pressure forming 
parts is a time-consuming task. Defects can be detected by 
scanning the whole surface using an eddy current system. A 
complete scan is a slow process and not always feasible for 
complex geometries. Optical systems are suitable for the 
detection of defects like thinning and cracks but also produce 
pseudo defects due to noise created by pollution and 
extraneous light. In this paper, we show a method to eliminate 
pseudo defects using a supplementary, highly-reliable sensor 
system. 
A method for the automated, fast inline-inspection of high 
pressure forming parts using a combination of camera and an 
eddy current system is proposed. Both the camera and the 
eddy current probe are integrated into a sensor head of a 3- 
axis portal. The complete surface is observed by a camera. 
Potentially defective areas are identified after several image 
processing steps and the positions and sizes of the suspicious 
areas are stored. In a second step the 3-axis-portal performs an 
eddy current scan of the stored areas and verifies the found 
defects. 
Former investigations carried out by imq GmbH and 
Fraunhofer IWU showed that the eddy current technique is 
suitable to detect changes in material state and geometrical 
material properties such as thickness. Eddy current systems 
are fast, reliable and easy to integrate into production 
processes. Eddy current systems are suited for in-line testing 
at production line speeds [1, 2]. In addition to enabling 100% 
of production components to be inspected, eddy current 
testing helps to monitor production processes and identifies 
differences and mismatches in the production line [3]. 
 
2. Hydroforming process – principles 
 
Hydroforming processes are forming technologies where a 
tubular body is pressed into a shape from inside to outside of 
a closed mold using a pressurized water-oil emulsion. 
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Hydroforming processes are mainly used where tube 
geometries with high design flexibility are required. The 
process provides benefits over other methods primarily due to 
the loss of half shell components and the avoidance of 
subsequent assembly or welding processes. In this way also 
indirect disadvantages can be avoided, such as local hardness 
increases due to a welding process. The technology itself 
offers high precision and repeatability compared to other 
forming technologies [4]. 
The feasibility of a product depends mainly on the 
maximum expansion or elongation, which normally does not 
exceed the uniform strain. Deformation degrees beyond this 
point will lead to constrictions. Depending on the purpose of 
the component and its concrete stresses during operation, 
constrictions cannot be tolerated. Undetected defects can 
result in a pre-mature failure of the component. 
 
 
Fig. 1: Hydroforming shaped component in a B-pillar 
 
Figure 1 shows a typical use of a component shaped by 
hydroforming in a B-pillar of a car. Here, the  number of 
required parts can be reduced by using a hydro-formed single 
part. The product has a simpler design and is cheaper to 
produce. The B-pillar protects passengers in a car, particularly 
during a side impact. Therefore potential material faults and 
component failures must be reliably detected. 
 
3. Experimental investigations 
 
3.1. Workflow 
 
The principal workflow is visualized in Fig. 2. The 
experimental equipment consists of an adapted 3-axis portal 
(QuaSor; imq GmbH) with a fixed work piece. The 
measurement technique includes a camera system to evaluate 
the surface properties as well as the geometric values and an 
eddy current system for material testing. Both systems can be 
moved using the CNC portal in order to reach every expected 
area of the sample. 
As a first step the surface of the work piece is recorded by 
the camera system. The Coordinates and the dimensions of 
suspicious regions will be determined as a result of this 
process. Afterwards these regions will be tested by the eddy 
current system. Depending on the testing sample a 
coordination transformation is necessary for positioning the 
eddy current probe exactly. A meander path is very useful to 
get more information and to test wider regions. 
The test results of both systems together provide the result 
of the quality test. 
 
 
 
Fig. 2: Concept for the workflow automation 
 
 
 
Fig. 3: Camera system with illumination and eddy current probe 
 
 
3.2. Optical inspection 
 
For the inspection of the surface a CMOS camera with a 
resolution  of  752x480  pixels  and  with  a  focal  length  of 
12.5 mm is used. The distance between camera and surface as 
well as the angle between the optical axis and the surface 
normal are kept constant during movement. For the 
monitoring of parts with a complex geometry, the system can 
be extended using auto focus. 
In order to visualize the characteristic contrast of a 
thinning defect, dark field illumination is produced using a 
near-infrared LED-array oriented orthogonally to the 
camera’s optical axis. To avoid interference from extraneous 
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light an 850 nm low pass filter is attached to the camera lens. 
Due to the fact that just one side of the hydro-formed part is 
illuminated, as Fig. 3 shows, only half of the resulting camera 
image is usable for evaluation (see Fig. 4). A further 
improvement will be an alternating two-sided illumination. 
The image processing is performed in several steps. Firstly, 
a linear histogram transformation is applied to the image to 
remove disturbing regions of direct reflections. Secondly, a 
segmentation of the image in suspicious defect regions and in 
background is performed. Global threshold methods for the 
segmentation are not suitable because of the inhomogeneous 
lightning and surface texture. Instead, a search for 
characteristic defect patterns is carried out through 2d- 
convolution. 
In a next step the convolution image is binarized by a fixed 
threshold value. The detection sensitivity can be adjusted by 
this value. The higher the sensitivity, the more pseudo-defects 
may be found. Finally, a search of connected suspicious 
regions is performed by a depth search  algorithm to gain 
geometrical information such as position, orientation and size. 
The position of a defect corresponds to the center of gravity of 
a found connected region. For the determination of defect 
orientation a PCA is applied to the connected region. The 
orientation corresponds to the direction of the first principal 
component. Furthermore, the size of a defect equals the 
distance between the first and last pixel belonging to a 
connected region in the direction of the first principal 
component. All resulting geometry descriptors (position, 
orientation, size) are stored in a database. 
To generate a CNC-program from the found potential 
defects a transformation from image to machine coordinates is 
necessary. If the curvature, the distance between camera and 
surface and the spherical aberration of the optics are known, 
an exact transformation from image to machine coordinates 
can be determined. In the experiments the machine 
coordinates were calculated manually from the geometry 
descriptors. 
The resulting CNC program should perform a movement 
of the eddy current probe over a surrounding region of a 
potential defect. For the construction of a scan path covering 
the surrounding region there are different strategies. The 
fastest variant is a linear movement along the detected defect 
orientation. Since the image-based detection of potential 
defect positions is not very accurate, there is a high risk of 
missing the actual defect. A safer strategy is a scan along 
multiple adjacent paths in the surrounding regions. 
 
3.3. Eddy current testing 
 
Eddy current testing has been carried out by an ELOTEST 
BS300 (Rohmann GmbH) and a tactile absolute probe [5]. 
The testing frequency was 50 kHz, respectively. The eddy 
current probe was moved by help of the 3-axis portal across 
the surface in the area where defaults were expected 
according to the camera results. The eddy current probe was 
moved along the expected defect orientation starting and 
ending with an offset to expected defect length. 
The eddy current signal has been optimized and the lift off 
signal has been adjusted to the negative x-axis. The real part 
 
and imaginary part of the eddy current signal were recorded 
with respect to the measuring position. The compensation of 
the eddy  current signal has been carried to a non-critical 
region of the work piece. 
For data analysis of eddy current signals a classification 
method based on principles of fuzzy pattern recognition was 
used. Those methods  are able  to recognize non-linear 
relationships between measured variables and class 
memberships [6]. After suitable preconditioning of the data, 
significant characteristics such as average values, variance, 
increase in signal etc. could be extracted  from the sensor 
signals. Taken together, they form a feature vector in an n- 
dimensional Euclidean feature space. The dimension of the 
space corresponds to the number of the unused features. 
Assuming the features are significantly correlated with the 
desired characteristics, a classifier can be derived from them 
by appropriate algorithms, which contains all necessary 
information for the determination of the desired properties. 
 
4. Results and discussion 
 
In the first example, a suspicious region was found by the 
camera system (Fig. 4). Comparison of eddy current signals of 
an iO– region (sufficient thickness) and a niO- region 
(thinning) shows Fig. 5. The real blank thickness has been 
measured with a micrometer (blue curve). 
 
 
 
Fig. 4: Visualization of a suspicious region in the camera image (niO) 
 
 
 
Fig. 5: Comparison of eddy current signals and measured blank thickness 
 
The eddy current signals show a minimum in the curve in 
this region (Fig. 5, red curve). Measurements of real thickness 
by  micrometer  result  in  a  deviation  of  0.2  mm  lower 
166   Thomas Wiener et al. /  Procedia CIRP  33 ( 2015 )  163 – 166 
thickness. Eddy current signals of a sufficiently-large area do 
not show any decrease. 
The real part of the eddy current signal includes 
information about surface asperities because such 
irregularities will cause a lift-off effect due to the distance 
between surface and eddy current probe. The imaginary part 
changes with respect to changes in material properties. In 
strongly-shaped areas, the material will be strained extremely 
and changes in its microstructure. This process results in 
changes of electrical and magnetical properties which can be 
measured by eddy current systems. 
The results of a second tested area are visualized in Fig. 6. 
It shows the camera image (a) and the results of data 
processing of image data (b). Several critical regions have 
been detected. In order to evaluate the results, a surface scan 
has been carried out by laser scanner (MICRO-EPSILON 
LLT2800-25). The surface profile is given in (c). It includes 
the measured profile line and the theoretical curvature of the 
3D bent work piece. Eddy current data are given in (d). They 
include real part (blue curve) and imaginary part (pink curve) 
of impedance. 
 
 
 
Fig. 6: Comparison of results in a critical region (a) camera image; (b) result 
of processing image data; (c) surface profile; (d) eddy current data with real 
part – blue curve, and imaginary part, pink curve 
 
When comparing the data, several deviations in the surface 
profile become apparent in line with the results of the optical 
inspection as well as eddy current testing. Nevertheless, the 
optical inspection method delivers some pseudo-defects. Real 
defects and pseudo defects can be divided by their surface 
profile. Deviations of more than 0.1 mm were defined as a 
defect in the technical application. In the inspected area, all 
pseudo defects distinguished by eddy current  testing have 
been confirmed comparing the surface profile. 
5. Conclusions 
 
A method for the automated, fast inline-inspection of high 
pressure forming parts using a combination of camera and an 
eddy current system has been developed and tested. 
A camera system and an eddy current probe are integrated 
into a sensor head of a 3-axis CNC portal. The complete 
surface was observed by the camera. Suspicious areas were 
identified after several image processing steps and the 
positions, orientations and sizes of the found irregularities 
have been stored. In a second step the 3-axis portal performed 
an eddy current scan of the stored areas and verified the found 
defects. The results have been evaluated comparing to a 
surface profile obtained by a laser scanner. A good correlation 
was found. 
For the experiments, the eddy current probe was moved 
along a linear path in the area of the detected defect. For 
better results, a scan along  multiple adjacent paths  in the 
surrounding regions should be realized. 
Furthermore, there is a potential to optimize the eddy 
current probe depending on material properties and expected 
sensitivity due to defect size. 
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